Abstract
Introduction

1
Expert performance in sport involves a combination of both motor and perceptual-2 cognitive skills (Williams & Ericsson, 2005) . Perceptual-cognitive skill refers to the ability of 3 an individual to locate, identify and process environmental information so as to integrate it 4 with existing knowledge and current motor capabilities in order to select and execute 5 appropriate actions (Marteniuk, 1976) . Perceptual-cognitive skills underpinning performance 6 include, among others, a more efficient and effective use of vision to scan the environment in Additionally, expert performers have the ability to recognise sport-specific patterns of play as 
16
These perceptual-cognitive skills combine to produce two judgments, namely, 17 anticipation and decision making (Williams et al., 2004) , which are the focus of this review.
18
Anticipation is the ability to recognise the outcome of other athlete's actions prior to those 
5
In this paper, we review perceptual-cognitive skills training involving off-field 6 techniques or representative tasks, such as video-based simulations, and we begin the paper 7 with a review of these tasks. Attempts have been made using these tasks to train anticipation 8 (Williams et al., 2002) and decision making judgments (Raab, 2003) , as well as skills, such as we concentrate on three areas for future research that may advance the use of perceptual-17 cognitive skill training beyond its current limits, namely perception-action coupling, structure 18 of practice, and contextual information. These concepts seek to create training conditions that 19 are homogenous to those experienced when physically playing the sport, so as to increase the 20 transfer of learning from training to competition performance. In the final section, we review 21 the transfer of retained skill acquisition from perceptual-cognitive skills training to field 22 performance, which we consider to be the key area for future research in this area.
23
Representative tasks 24 The majority of researchers use representative tasks, such as video-based simulations, 1 to train perceptual-cognitive skills (see Figure 1) knowledge, and complete an appropriate action. To achieve this, life-sized video is often used 7 of key situations from sport that are filmed from the perspective of an athlete. These tasks 8 enable athletes to experience repetition of key situations from their sport in a shorter space of 9 time than they would normally experience when actually playing. They have been used in 10 training to highlight the links between important environmental or opponent cues and 11 outcomes (e.g., Williams & Burwitz, 1993) , with the majority of researchers using these 12 methods to train anticipation, as opposed to decision making. . Functionality refers to whether the constraints a performer is exposed to, and 3 must act upon in the task, match those that they will be exposed to in the performance 4 environment. Similarly, action fidelity requires that the performer is allowed to complete a 5 response that is the same as that produced in the performance environment. Central to these 6 ideas is the reciprocal relationship between perceptual and motor processes and the to the video simulation conditions. In the conditions with limited movements for participants, 5 the keepers spent more time fixating on the movements of the penalty kick taker (head and 6 feet), rather than the ball. In comparison, when goalkeepers were required to attempt an 7 actual penalty save in situ they fixated earlier and for a longer duration on the ball when 8 compared to the movements of the taker and to the other conditions. However, the number of 9 possible shot locations was lower (n = 2) in the "save" condition compared to all other 10 conditions (n = 6) and the video condition showed less ball flight than in-situ, which may 11 have led to the observed differences in visual search between conditions. Overall, findings 12 suggest that laboratory tasks may fail to adequately recreate the environmental characteristics Further research is required to assess perception-action coupling and also to examine whether 24 these findings extend to other perceptual-cognitive skills, such as pattern recognition and 1 situational probabilities.
2
High levels of task functionality and action fidelity seem to be required for To date, there is limited research examining whether the CI effect extends to no between-group differences in response accuracy across the acquisition phase, which 8 contradicts the 'typical' CI effect. However, the random practice group reported significantly 9 higher response accuracy in the 7-day laboratory-based retention tests compared to the or object for a minimum of 100 ms (Vickers, 1996) . The onset of QE occurs before the final Alternatively, QE may be a simpler skill to acquire and transfer to competition compared to 23 other perceptual-cognitive skills, such as decision making. However, it is beyond the scope of the current paper to review issues surrounding QE training as these have been discussed at 1 length elsewhere in the literature (for a review, see Vine et al., 2014) . 
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Effects of prolonged intermittent exercise on perceptual-cognitive processes. 
